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ABSTRACT
Background: Medial knee collapse can signal an underlying movement issue that, if uncorrected, can lead to a variety of knee 
injuries. Placing a band around the distal thigh may act as a proprioceptive aid to minimize medial collapse of the knee during 
squats; however, little is known about EMG and biomechanics in trained and untrained individuals during the squat with an elastic 
band added. 

Hypothesis/Purpose: To investigate the effects of the TheraBand® Band Loop on kinematics and muscle activity of the lower 
extremity during a standard barbell back squat at different intensities in both trained and untrained individuals. 

Study Design: Cross-sectional, repeated measures.

Methods: Sixteen healthy, male, university aged-participants were split into two groups of eight, consisting of a trained and 
untrained group. Participants performed both a 3-repetition maximum (3-RM) and a bodyweight load squat for repetitions to fail-
ure. Lower extremity kinematics and surface electromyography of four muscles were measured bilaterally over two sessions, an 
unaided squat and a band session (band loop placed around distal thighs). Medial knee collapse, measured as a knee width index, 
and maximum muscle activity were calculated. 

Results: During the 3-RM, squat weight was unaffected by band loop intervention (p=0.486) and the trained group lifted more 
weight than the untrained group (p<0.007). The trained group had a greater squat depth for both squat conditions, regardless of 
the band (p=0.0043). Knee width index was not affected by the band during the eccentric phase of bodyweight squats in the 
trained (band: 0.76 ± 0.08, no band: 0.73 ± 0.08) or untrained group (band: 0.77 ± 0.70, no band: 0.75 ± 0.13) (p=0.670). During 
the concentric phase, knee width index was significantly lower for 3-RM squats, regardless of group.

Conclusion: Despite minimal changes in kinematics for the untrained group, increased muscle activity with the band loop may 
suggest that a training aid may, over time, lead to an increase in barbell squat strength by increasing activation of agonist muscles 
more than traditional, un-banded squats. Greater maximal muscle activity in most muscles during band loop sessions may provide 
enhanced knee stability via increased activation of stabilizing muscles.

Level of Evidence: 3

Key words: Elastic resistance, electromyography, knee valgus, kinematics, squat, TheraBand

I
J
S
P

T
ORIGINAL RESEARCH

EFFECTS OF A BAND LOOP ON LOWER EXTREMITY 

MUSCLE ACTIVITY AND KINEMATICS DURING

THE BARBELL SQUAT

Ryan C.A. Foley1

Brittany D. Bulbrook1

Duane C. Button2

Michael W.R. Holmes1,3

1 Faculty of Health Sciences, University of Ontario Institute of 
Technology, Oshawa, Ontario, Canada

2 School of Human Kinetics and Recreation, Memorial 
University of Newfoundland, St. John’s, Newfoundland, 
Canada

3 Neuromuscular Mechanics and Ergonomics Laboratory, 
Department of Kinesiology, Brock University, St. Catharines, 
Canada 

CORRESPONDING AUTHOR
Michael W.R. Holmes, PhD
Assistant Professor
Brock University
Department of Kinesiology
Niagara Region, 1812 Sir Isaac Brock Way
St. Catharines, ON L2S 3A1, brocku.ca 
Phone: 905 688 5550 x 
Fax: 905 984 4851
E-mail: michael.holmes@brocku.ca



The International Journal of Sports Physical Therapy | Volume 12, Number 4 | August 2017 | Page 551

INTRODUCTION
During a barbell squat, there is a tendency for novice 
or untrained users to have a medial collapse of the 
knees under load, especially during the concentric 
phase of movement. Medial knee collapse, or knee val-
gus, occurs when there is excessive medial movement 
of the knee in the frontal plane.1 It can be the result of 
valgus force, in the frontal plane, that ultimately results 
in the knee joint center moving towards the midline 
of the body.2,3 This knee movement will generally be 
away from alignment with the vertical ground reac-
tion force (GRF) vector,4,7 resulting in hip adduction 
and internal rotation. Medial collapse is often identi-
fied in resistance training activities such as the barbell 
squat, during explosive jumping,8,9 landing,4,9 and cut-
ting8 tasks. Medial knee collapse can signal an under-
lying movement issue that, if uncorrected, can lead 
to a variety of knee injuries, including patellofemoral 
syndrome,11,3 anterior cruciate ligament tears12 and 
degeneration of the meniscus due to altered compres-
sive forces on the femur and the patella.1

Coordinated muscle action and movement patterns 
are essential for optimizing barbell squat efficiency 
and reducing injury risk. Increasing the load on a 
barbell squat when medial knee collapse is already 
evident will likely increase medial knee loading and 
exacerbate the risk of injury. Previous authors have 
suggested that hip muscle activity, particularly glu-
teus maximus, is directly linked to valgus knee angles 
and internal hip rotation.1,13 High activity in all the 
gluteal muscles prior to concentric movements pro-
duces a robust (and stable) linked system through 
the hip and knee, resisting valgus knee collapse, and 
reducing injury risk.13 Quadriceps/hamstring strength 
ratios may also contribute to valgus knee moments, 
as both weak hamstrings14 and reduced muscle co-
contraction15 can influence valgus knee moments and 
internal tibial rotation. Lastly, distal movement dys-
function in the kinetic chain, such as decreased ankle 
dorsiflexion can both increase valgus knee loads and 
decrease quadriceps activation.16 These mechanisms 
of valgus knee loading suggest that a detailed biome-
chanical analysis is required to fully determine the 
effect of elastic resistance on squat performance.

Training aids include a category of fitness equip-
ment designed to coach proper movement patterns 
through various types of biofeedback or proprio-

ception. These types of tools are popular in sports 
and rehabilitation that demand complex movement 
patterns for repeated success in sport and work. 
Strength coaches and fitness professionals use train-
ing aids to more quickly and efficiently correct dys-
functional movements in athletes/patients. Previous 
research has investigated the use of an elastic loop, 
or band, around the distal thigh during body weight 
squats.7 Gooyers et al.12 concluded that the band was 
unsuccessful at correcting medial collapse or val-
gus moments; however, the authors acknowledged 
that results may be task and/or context specific. It 
is worth noting that the participant population in 
that study12 was recreationally active students, likely 
familiar with, but not well trained in proper squat 
technique and mechanics. Barbell squats provide a 
similar movement as the body weight squat investi-
gated by Gooyers et al.,12 however, much greater load 
bearing is required. It is possible that underlying 
mechanical deficiencies could be exacerbated when 
the lower extremity is placed under greater load. If 
a loaded barbell squat results in greater medial knee 
collapse, this scenario may be more conducive to 
determining if using a resistance band can be par-
layed into a biomechanical benefit. If a band placed 
around the distal thighs can affect squat mechanics, 
then it is likely that muscle activity is also affected. 
Gooyers and colleagues did not measure lower 
extremity muscle activity during their investigation. 

Therefore, the purpose of this study was to inves-
tigate the effects of the TheraBand® Band Loop on 
kinematics and muscle activity of the lower extrem-
ity during a standard barbell back squat at different 
intensities in both trained and untrained individ-
uals. It was hypothesized that the trained groups’ 
kinematics (medial knee collapse) would be unaf-
fected by the band, while the untrained group would 
experience medial knee alignment changes when 
using the band. Additionally, it was hypothesized 
that external hip rotator muscle activity would be 
greater for the trained participants during the band 
condition.

METHODS

Participants
Sixteen male, university aged-participants were split 
into two groups of eight: Trained (25.4 ± 4.4 years, 
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179.83 ± 8.81 cm, 88.36 ± 12.52 kg) and untrained 
(22.8 ± 1.6 years, 180.81 ± 6.04 cm, 76.91 ± 9.29 
kg). The trained group was defined as regularly par-
ticipating in barbell back squat training for the last 
year. The untrained group consisted of individuals 
with no barbell back squatting experience, but who 
were able to squat a bodyweight load. All participants 
completed a PAR-Q+ to determine physical readi-
ness for exercise as well as a custom exercise history 
questionnaire and had no previous history of muscu-
loskeletal pain or injury in the past 12 months. Par-
ticipants provided informed consent and the study 
was approved by the University of Ontario Institute 
of Technology Research Ethics Board (REB#:14-057) 
and in accordance with the declaration of Helsinki.

Protocol
This study was designed as a mixed-model repeated 
measures, with both groups (trained and untrained) 
performing two squat conditions during two sepa-
rate sessions (Figure 1). The first session included 
the control or no band day, where squats were per-
formed with no instruction given to participants. 
After a minimum of 48 hours rest, but no more than 
four weeks, participants repeated the protocol with 
a red, medium-resistance Theraband® Band Loop 

(The Hygenic Corporation, OH, USA) placed around 
the distal thigh, just proximal to the lateral epicon-
dyle of the femur (Figure 2). Trained and untrained 
participants were given the same coaching on the 
use of the band; an explanation that the intent is 
to “keep the band tight throughout the entire squat” 
but limited verbal cues were given during the actual 
protocol. 

Aside from the Theraband® Band Loop intervention, 
both sessions followed an identical protocol, using 
the medium resistance band that requires 4.5lbs of 
pull to stretch a 12-inch band to 24-inches. Data col-
lection began with muscle specific isometric maxi-
mal voluntary contractions (MVCs) for each of the 
eight muscles recorded. Two MVCs were collected 
for each muscle, with rest given between trials. Par-
ticipants then performed a warm up consisting of 
five minutes of cycling at 75 watts. Participants first 
performed a 3-repetition maximum (3-RM) protocol, 
starting with a weight approximately half of their 
estimated 1-repetition maximum, and taking no less 
than three sets, and no more than five sets to attain a 
true 3RM. A ‘true’ 3RM was noted as achieved when 
the participant attempted a further set at the smallest 
weight increment possible (10 lbs), ending in failure 

Figure 1. Timeline of protocol. Each participant (trained or untrained) participated in two data collection sessions. The fi rst session 
consisted of background information, set-up, calibration, normalization, and a 3RM and BW squat protocol.  No earlier than 48 hours 
later the participants participated in an identical bout of data collection, using a band placed around the proximal knees.
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Hz; AMT-8, Bortec Biomedical Ltd., Calgary, AB, 
Canada) and sampled at 2000 Hz. All MVCs included 
the participant exerting a 3-second maximal effort 
contraction. Two MVCs were performed for each 
muscle. Vastus lateralis MVCs were conducted with 
the participant seated and the leg positioned at 90˚ 
and secured using an ankle cuff and non-deforming 
steel cable for a maximal isometric knee extension 
effort. Biceps femoris used the same procedure but 
the knee flexion contraction was resisted at the ankle 
by the experimenter. Gluteus maximus MVCs were 
conducted with the participant prone on a padded 
exercise mat. The experimenter resisted the thigh 
segment while the participant maximally extended 
their hip, while maintaining knee flexion of 90˚. Glu-
teus medius MVCs were conducted with the partici-
pant lying on their side with both knees flexed to 90˚. 
The hip of the participants’ top leg was maximally 
abducted against experimenter resistance.

Kinematics and Ground Reaction Forces
3D kinematics were collected using three 3D Investi-
gator Active Motion Capture Systems (Northern Digi-
tal Inc., Waterloo, ON, Canada). Custom rigid bodies, 
consisting of at least three non-collinear markers 
were placed on the participant’s foot, shank and thigh 
bilaterally as well as the pelvis and thorax using dou-
ble sided carpet tape (3M, London, ON, Canada) and 
Hypafix® (BSN Medical Inc., Hamburg, Germany). 
Anatomical landmarks were digitized on each par-
ticipant, assuming a fixed spatial relationship with 

(referred to as 3RM condition). Rest periods between 
sets were participant determined and regulated to two 
to four minute breaks. After a mandatory 10-minute 
rest period, participants completed a second squat 
condition, this time with a bodyweight load for maxi-
mum repetitions to failure (referred to as BW con-
dition). Heavy encouragement was given to ensure 
maximum effort and repetitions for each participant. 
Termination of the BW condition was determined 
by failure to squat the load, requiring assistance, or 
a significant deviation in tempo or form with inter-
repetition pauses exceeding three seconds. Foot posi-
tion was the participant’s natural squatting stance 
and was not standardized in order to avoid altering 
incoming mechanics and finally, to minimize injury 
risk when performing 3RM repetitions.

Muscle Activity
Muscle activity was recorded from four muscles 
bilaterally: gluteus maximus (GMa), gluteus medius 
(GMe), vastus lateralis (VL) and biceps femoris (BF). 
Ag-AgCl disposable electrodes (MediTrace 130, Ken-
dall, Mansfield, MA, USA) were placed over each 
muscle belly in-line with muscle fiber orientation, 
according to previous work.17 Prior to electrode place-
ment, muscle specific locations were shaved, skin 
was abraded using NuPrep abrasive gel (Weaver & 
Company Inc., CO, USA) and cleaned with an isopro-
pyl alcohol. Electromyography (EMG) signals were 
differentially amplified, band pass filtered (CMRR 
> 115 dB at 60Hz; input impedance ~10GΩ; 10-1000 

Figure 2. Left: EMG and rigid body placement during the no band session. Middle: Band placement during the band session. Right: 
Anatomical reconstruction and Visual3D model of participant performing a squat.
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Statistical Analyses
An a priori power analysis was performed using 
G-Power software indicating a need for 16 partici-
pants, achieving an actual power of 0.97.5,6 Statistical 
analyses were conducted using Statistica® (Dell Soft-
ware Inc., Nashua, NH, USA). A mixed model, Gen-
eral Linear Measures ANOVA was used to determine 
effect of training (Trained or Untrained), rep/load 
(3RM or BW), and condition (Band or No Band). All 
main effects of group or interaction were tested for 
significance using an alpha of p<0.05 determined a 
priori. Planned comparisons between conditions for 
KWI, average and maximum muscle activity, were 
conducted on Band-Group interaction. Mixed-model 
ANOVAs (group x squat type x band condition) were 
performed for knee angle (maximum knee flexion), 
KWI (bottom) and EMG for each muscle bilaterally. 
All data are presented as mean ± SD.

RESULTS

Squat Kinematics 
There was no effect of band on weight lifted for 3RM 
intensity (trained, band: 132.7 ± 21.2 kg, no band: 
130.3 ± 19.5 kg, p=0.758; untrained, band: 104.5 
± 10.8 kg, no band: 104.0 ± 9.7 kg, p=0.486). The 
trained group lifted significantly more weight than 
the untrained group for both the band (p=0.005) 
and no band (p=0.007) conditions. There were no 
significant differences in the number of repetitions 
performed by the trained participants during the BW 
band and no band conditions (band: 17.7 ± 9.1 rep-
etitions; no band: 18.1 ± 10.0 repetitions, p=0.935). 
There were also no significant differences in the 
number of repetitions performed by the untrained 
participants during the BW band and no band con-
ditions (band: 14.9 ± 9.5 repetitions; no band: 16.1 
± 6.5 repetitions, p=0.762). The trained group had 
a significantly greater squat depth (knee flexion 
angle) than the untrained group (trained: 100.94 ± 
13.63°; untrained: 89.40 ± 15.03°; p=0.0043) for 
both 3RM and BW conditions, regardless of the band. 
Participant and squat demographics can be found in 
Table 1.

Knee Width Index
KWI was not affected by the band during the eccen-
tric phase of 3RM squats in either the trained (band: 
0.69 ± 0.12, no band: 0.71 ± 0.14) or untrained group 

the rigid body affixed to each segment. Kinematics 
were sampled at 50 Hz and synchronized with EMG 
data. The global coordinate system was determined 
as X, medial-lateral, Y, anterior-posterior and Z, 
superior-inferior.

Data Analysis
EMG was full wave rectified and Butterworth low 
pass filtered (3Hz cut-off, dual pass, 2nd order). Peak 
activity was determined from each muscle specific 
MVC and muscle activity during each condition was 
normalized as a percentage of maximal voluntary 
contraction (%MVC). Kinematic data was used to 
determine the start, bottom (maximum knee flex-
ion) and end of each squat repetition such that 
mean and maximum muscle activity could be deter-
mined for the concentric and eccentric phases (Mat-
Lab 2015b, Mathworks Inc., Natick, MA, USA). The 
concentric and eccentric phases were determined as 
frame numbers that marked peak knee flexion and 
peak knee extension. Additionally, knee angle end 
points were corroborated using absolute coordinate 
system data from the thigh markers. Affirming that 
peak knee-flexion angle occurred at the frame that 
corresponded to the lowest vertical marker distance. 
EMG was synchronized with kinematics, so the kin-
ematic frame numbers representing each phase 
were corrected for sampling rate differences and 
used for EMG analysis.

Kinematic data were processed using Visual3D 
(C-Motion, Germantown, MD, USA). Local ana-
tomical frames of reference were created for each 
segment and used in the kinematic and kinetic cal-
culations. Raw kinematic data were low pass But-
terworth filtered at 6Hz. Knee joint angles were 
calculated as the thigh relative to the shank, using 
an XYZ rotation sequence. Maximum and minimum 
knee flexion angles were used to corroborate the 
start of the eccentric and concentric phases for each 
repetition. From these angles, the distal joint coordi-
nates (XYZ) were calculated for each segment. Knee 
Width Index (KWI) was calculated from the three-
dimensional position data from each segment as the 
ratio of the distance between the right and left distal 
thigh, and ankle (distal shank points).4,7,18 This anal-
ysis was replicated for each repetition of the 3RM 
and body weight (BW) squats for both the band and 
no band conditions.
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Table 1. Summary of squat outcomes

Squat 
Condition

Training 
Status No band Band 

Weight (kg) Reps Squat depth (º) Weight (kg) Reps Squat depth (º) 

3RM Trained 133.4 ± 23.4 3.0 95.2 ± 13.8  129 ± 19.9 3.0 104.5 ± 18.2 
Untrained 102.2 ± 4.4 3.0 90.5 ± 21.7 104 ± 8.9 3.0 87.9 ± 12.5 

BW Trained 91.2 ± 12.6 15.7 ± 6.1 102.3 ± 9.5 83.2 ± 9.0 15.5 ± 6.3 101.9 ± 12.8 
Untrained 76 ± 8.9 16.3 ± 5.2 87.4 ± 12.5 76.0 ± 8.9 15.3 ± 10.4 91.7 ± 14.9 

(band: 0.79 ± 0.08, no band: 0.81 ± 0.07) (p=0.482). 
Similarly, KWI was not affected by the band during the 
eccentric phase of BW squats in the trained (band: 0.76 
± 0.08, no band: 0.73 ± 0.08) or the untrained group 
(band: 0.77 ± 0.70, no band: 0.75 ± 0.13) (p=0.670). 
However, during the concentric phase, there was a 
main effect of squat type (3RM or BW) with an overall 
lower KWI for 3RM squats (Figure 3) (p=0.046).

Muscle Activity
There was a significant main effect of the band con-
dition, with use of the band increasing muscle activ-
ity in the majority of muscles during the eccentric 
(LVL, p=<0.001; RVL, p=<0.001; LBF, p=0.001; 
RBF, p=0.048; LGMe, p=0.001; RGMe, p=<0.001; 
LGMa, p=<0.001; RGMa p=<0.001; Table 2) as 
well as the concentric phase (LVL, p=<0.001; RVL, 
p=<0.001; LBF, p=0.044; RBF, p=0.025; LGMe, 

p=0.038; RGMe, p=0.049; RGMa, p=0.017; Table 3). 
For select muscles, a squat type by band interaction 
(LVL, p=0.019; LBF, p=0.035; LGMe, p= 0.020) was 
found for the eccentric phase of movement. Only 
LGMa (p=0.035) showed a training level X band 
interaction for the concentric phase of movement. 
Bonferoni post-hoc analysis showed differential 
results; while most muscles had increased muscle 
activity with band use BW squats, LVL demonstrated 
that band squats elicited lower EMG activity overall 
and this was more pronounced in the BW condition 
(p=0.026) regardless of phase (concentric vs eccen-
tric). During BW squats, the LVL had significantly 
lower maximum muscle activity when performed 
with the band, regardless of trained (band: 115.03 
± 36.66% MVC, no band: 130.47 ± 44.54% MVC 
or untrained (band: 99.74 ± 53.61% MVC, no band: 
118.09 ± 36.28% MVC) status. 

Figure 3. Peak Knee Width Index (mean ± SD) for the trained group during the eccentric (A) and concentric (C) phases. Peak Knee 
Width Index (mean ± SD) for the untrained group during the eccentric (B) and concentric (D) phases.
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Table 2. Normalized maximum muscle activity (mean ± SD) for each muscle during the eccentric phase 
of all conditions (band, no band) and sessions (3RM, BW). Shaded bars represent trained group. *denotes a 
main effect of band (p<0.05) for that variable and ^denotes a signifi cant (p<0.05) interaction effect.

Table 3. Normalized maximum muscle activity (mean ± SD) for each muscle during the concentric phase of 
all conditions (band, no band) and sessions (3RM, BW). Shaded bars represent trained group. *denotes a main 
effect of band (p<0.05) for that variable and ^denotes a signifi cant (p<0.05) interaction effect.
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DISCUSSION
This study investigated the effects of a resistance loop 
band, placed around the distal thigh, on medial knee 
collapse and muscle activity during the barbell back 
squat. More specifically, the band was evaluated in 
regards to training status (trained or untrained) and 
load (3RM or BW). Interestingly, there was a signifi-
cant effect of load intensity (3RM or BW) on KWI, 
but no effect of band or training level conditions. 
Somewhat conversely, for the majority of muscles 
monitored, there was significantly greater muscle 
activity during the band conditions than no band 
conditions and this was not specific to training sta-
tus or load. 

KWI, the primary measure of medial knee collapse 
for this investigation, showed no significant differ-
ence with respect to a band intervention. While 
many strength coaches indicate that the band helps 
promote a more neutral knee alignment and pre-
vent medial knee collapse, the results of this study 
showed no significant effect of the band interven-
tion, regardless of training status. This is in agree-
ment with Gooyers et al.,12 who found similar 
conclusions during a bodyweight squat exercise. As 
suggested previously by Gooyers et al.,12 a longer-
term intervention (with an untrained group) using a 
band may result in plastic changes to squat mechan-
ics and performance, however a single set, regard-
less of load (3RM or BW), showed no change with 
the band in the current study. During the concentric 
phase of the squat, there was a main effect of squat 
type (3RM or BW) with an overall lower KWI for 
3RM squats. This could be interpreted in two ways. 
One, the increased mechanical demand on the lower 
extremity due to greater squat load likely contrib-
uted to the lower KWI (more medial collapse) and, 
two, demands associated with the 3RM may have 
resulted in muscle fatigue, resulting in a lower KWI. 
Even though neither group showed improvements 
in KWI during the band loop conditions compared to 
no band, there is likely still room for improvement 
in KWI, possibly through the use of a longer training 
exposure using the band.

Despite few changes in KWI during the 3RM or BW 
squat, the placement of a resistance band around 
the distal thighs did increase lower extremity mus-
cle activity in both trained and untrained partici-

pants when compared to using no band. The band 
affected peak muscle activity for muscles in both 
phases of movement (eccentric: LVL, RVL, LBF, RBF, 
LGMe, RGMe, LGMa, RGMa; concentric phase: LVL, 
RVL, LBF, RBF, LGMe, RGMe, RGMa). The most 
consistent change across training level was for VL, 
which demonstrated consistently greater muscle 
activity with the band, across both the 3RM and BW 
conditions. For example, for the trained group, LVL 
had activity of 156.6, 168.7, 115.0 and 130.5 %MVC 
compared to 103.2, 142.2, 99.7, 118.1 %MVC for 
the untrained group during the 3RM band, 3RM no 
band, BW band and BW no band conditions, respec-
tively. While Gooyers et al.12 did not measure mus-
cle activity during their body weight squat exercise, 
the current findings support their hypothesis that 
the band may differentially change muscle activity 
patterns even though no reduction in medial col-
lapse was quantified when using the band. Other 
studies have found no difference in hip abductor 
muscle activity when a resistance band is applied 
to a hip eccentric exercise.19 This is contradictory 
to the findings of this investigation, which demon-
strate that the band increased activity across groups 
and conditions (effect of p<0.001 for eccentric: LVL, 
RVL, RGMe, LGMa, RGMa; concentric: LVL, RVL). 
This difference could be the results of a strategic dif-
ference when performing a heavy barbell squat as 
opposed to bodyweight hip centric exercises where 
smaller stabilizers can assume the roll of band resis-
tance while the agonist muscles do not alter activity. 
  Spracklin et al. 20, also demonstrated that the use of 
a looped resistance band increases hip muscle activ-
ity during a barbell back squat. The authors also 
concluded that squat performance (measured as 
number of repetitions completed) were not affected 
by the band. We also demonstrate no change in the 
number of repetitions completed, but also show 
few differences in lower extremity kinematics with 
respect to a band intervention. 

The band increased gluteal muscle activity (GMe 
and GMa) but only with consistency in the untrained 
participants. Trained participants demonstrated no 
difference in peak gluteal muscle activity (with the 
exception of LGMa in the 3RM squat) when using 
the band. It was hypothesized that only untrained 
participants would benefit from the resistance band 
preferentially, based on the premise that the trained 
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lapse under load in a general population. Even being 
able to barbell back squat one’s own weight (the 
untrained group) requires a higher level of training 
than the greater population. 

CONCLUSIONS
This study reports the first data on the neurome-
chanics of the lower limb during a barbell back 
squat with and without a band loop in both trained 
and untrained individuals. Squatting with a band 
increases lower limb muscle activation but does not 
change knee width index , and these observations 
were not training status or load dependent. Specifi-
cally, this work suggests that there is no evidence 
that a one-time exposure to a resistance band train-
ing aid changes the biomechanics of a barbell back 
squat as determined by knee width index, kinemat-
ics and muscle activity. Furthermore, this null result 
with respect to resistance band efficacy in reducing 
medial knee collapse was consistent across train-
ing experience. Despite little change in KWI for the 
untrained group, increased lower extremity muscle 
activity may suggest a more effective training para-
digm for this population.

Knee valgus, if left uncorrected, could lead to a vari-
ety of knee injuries, which has been shown to occur 
in a variety of sports that require squatting, explo-
sive force and quick directional changes. Thus, it 
is critical to find ways to correct knee valgus and 
avoid these injuries.  Future studies should incorpo-
rate different loop band resistances and incorporate 
both male and female participants. In addition, cal-
culating knee collapse via changes in frontal plane 
kinematics and knee moments could provide fur-
ther interpretation. This knowledge could, in turn, 
be used to develop training programs for athletes 
and rehabilitation patients who require a reduction 
in knee valgus loading in order to avoid potential 
injury or re-injury. 
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participants have already achieved the muscle activa-
tion patterns required to promote neutral knee align-
ment and to resist medial collapse. The GMa and 
GMe are the major hip abductors acting to counter 
the band pull across the knees, but also the major 
initiator of hip extension, so it may be plausible that 
trained participants, when told to ‘keep the band tight’ 
are actually hindering their practiced and efficient 
gluteal activation patterns.19 The use of resistance 
band training aids is usually employed by coaches to 
benefit novice squatters, and these results confirm 
that trained groups would probably see little benefit. 

There are a few limitations that should be discussed. 
The trained group had a mean 3RM weight that was 
125% greater than the untrained group. The authors 
did not explicitly aim for weight categories in this 
work, only focusing on training frequency and a 
minimum load of bodyweight. It is likely that there 
may not have been a large enough disparity between 
our trained and untrained groups. Because of the 
study design, participants in the untrained group 
had to squat their bodyweight. This means fairly 
active and strong males were recruited, and a group 
of lesser-trained participants might have benefited 
more from the band intervention. Both our groups 
presented with KWI ratios close to 1, having little 
room for improvement with the band intervention. 
Gooyers et al.,12 demonstrated that at maximum 
squat depth participants achieved a KWI of almost 
1.0. This was for a body weight squat and demon-
strates that the increased load during a barbell squat 
could negatively effect KWI. Additionally, it was 
deemed unacceptable to allow the untrained group 
to perform a 3RM with the band, prior to a regular 
unaided squat. Therefore, experimental days were 
not randomized and the trained group followed the 
same timeline for parity. The only cue given during 
the band intervention was ‘keep the band tight’. Per-
haps with additional instruction, further differences 
would have been found in KWI and hip abductor 
activity with participants knowing when to activate 
abductors and extensors. Additionally, only one level 
of resistance band was used during this study. It is 
possible that using a gradient of resistances could 
have demonstrated a directional effect and it is pos-
sible that using heavier resistance would have elic-
ited a greater response in peak muscle activation. 
Finally, it may be of interest to measure medial col-
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